T he optimal timing for surgery for severe organic mitral regurgitation (MR) is not widely agreed on. [1] [2] [3] [4] [5] Severe symptoms improve after surgery and remain the cornerstone of recommendations for surgery in MR. 6 However, several facts have led to the suggestion that surgery should not be delayed until severe symptoms appear. First, left ventricular (LV) dysfunction progresses silently, [7] [8] [9] and in patients operated on for severe symptoms, it frequently becomes overt after surgery 10 and causes excess mortality. [11] [12] [13] Second, LV dysfunction is only partly predictable 14 and may occur unexpectedly, 10, 12 limiting the possibility of reliably monitoring patients with severe MR. Third, medically treated patients with severe MR, even with no or minimal symptoms, incur notable mortality and high morbidity. 1 Fourth, valve repair, with its low operative mortality 15 and good long-term outcome, 16 is an incentive for early operation. Therefore, early surgery in patients with no or minimal symptoms has become a reasonable consideration 1 and appears to improve the outcome of patients with MR. 17 
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However, clinicians are often hesitant to recommend surgery in patients with no or minimal symptoms, because it would expose these patients to operative mortality and morbidity. 2 Also, despite a high rate of progression to severe symptoms, some patients may remain asymptomatic for years. 1, 4, 18 The most important reason is that the excess postoperative risk imposed on patients who become severely symptomatic before surgery is unclear. In previous studies, the link between severe preoperative symptoms and excess operative 11 or long-term mortality was not consistently observed, 19, 20 mainly because severe symptoms are not randomizable and usually not isolated. The demonstration of their specific impact on outcome is technically complex, but a significant and independent association of preoperative NYHA class I/II symptoms with improved postoperative outcome 8 would be a strong incentive to offer surgical correction of severe MR in these patients. Accordingly, we examined the outcome of patients with pure and isolated organic MR operated on at our institution between 1984 and 1991 to verify this hypothesis. mic) valve disease between January 1, 1984, and December 31, 1991, at our institution. Exclusion criteria were (1) associated mitral stenosis, (2) associated aortic or tricuspid valve replacement, (3) MR due to ischemic heart disease or cardiomyopathy, (4) previous valve repair or replacement, and (5) associated congenital heart or pericardial disease. Patients with associated coronary artery disease not responsible for the valvular lesion were not excluded. These criteria were fulfilled in 478 patients (mean age, 65Ϯ13 years; 61% male) who formed our study population. All had severe MR on the basis of clinical assessment and color flow imaging (nϭ364) or angiography (nϭ289) or both. Results on part of this population have been published previously. 10, 11, 16, 21 The cause of valve disease, by echocardiographic and surgical assessment, was valvular prolapse in 379 patients, rheumatic lesions in 39, endocarditis in 39, and miscellaneous causes in 21.
The preoperative functional status regarding dyspnea and heart failure was graded according to the NYHA classification during the month preceding valve surgery and was noted as reported by the attending physician. Follow-up was complete up to 1997 or death for 473 patients (98.9%), with a mean follow-up of 6.7Ϯ3.2 years.
Preoperative and Surgical Procedures
The preoperative LV ejection fraction (EF) was calculated by echocardiography (398 patients) 10, 11, 22 or LV angiography (258 patients) performed within 6 months before surgery. When values from both techniques were available, the EF was determined by the average of the 2 measurements. Therefore, preoperative EF (mean, 61Ϯ11%) was determined for 446 patients (93%). The degree of coronary artery disease was assessed by coronary angiography in 406 patients (85%), and obstructive coronary artery disease was defined as stenosis Ն70% of vessel diameter in any coronary artery or Ն50% stenosis of the left main coronary artery.
Valve replacement was performed in 155 patients, mitral repair in 323 patients, and corrected valve prolapse in 298 patients (of the posterior leaflet in 201, anterior leaflet in 38, and both leaflets in 59). Coronary artery bypass graft surgery (CABG) was performed in association with the valvular procedure in 130 patients (27%).
Statistical Analysis
Descriptive results were expressed as meanϮSD. Comparison of groups of patients in NYHA class I/II (no or minimal symptoms) versus class III/IV (severe symptoms) used standard t test or 2 test. Survival was estimated by the Kaplan-Meier method. The comparison of survival between the 2 groups was performed overall and stratified in subgroups defined according to EF (with a 60% threshold), procedure performed (repair or replacement), and association of CABG and was based on the 2-sample log-rank test. Observed survival was compared with expected survival based on age-and sex-matched actuarial data from the 1980 US white population and tested with the 1-sample log-rank test. Multivariate analysis of overall long-term survival used Cox proportional hazards models. Secondary end points were operative mortality (by logistic regression), late survival of operative survivors, and postoperative congestive heart failure. Candidate independent variables included age, sex, atrial fibrillation, creatinine level, preoperative EF, method of correction (repair versus replacement), year of surgery, associated coronary artery disease, and CABG. Next, NYHA functional class was added to the models. To verify that the selected grouping of patients was the most appropriate, a backward stepwise model was applied with dummy variables, grouping patients in class I versus II, III, or IV; class I/II versus III/IV; and class I, II, or III versus IV. The analysis was repeated in 2 periods, 1984 to 1987 and 1988 to 1991, and for each period, the risk ratio associated with the NYHA class was calculated, adjusted for the independent determinants of outcome with and without an interaction term between the period and functional class. A value of PϽ0.05 was considered significant.
Results

Baseline Characteristics
Before surgery, 75 patients were in NYHA class I, 124 in class II, 226 in class III, and 53 in class IV. Therefore, 199 were in class I/II (no or minimal symptoms), and 279 were in class III/IV (severe symptoms). The preoperative baseline differences between these 2 groups are summarized in Table  1 . No differences were found between class I and class II patients (all PϾ0.05). At baseline, class IV patients compared with class III patients had less atrial fibrillation (36% versus 52%, Pϭ0.05) but were older (71Ϯ10 versus 66Ϯ12 years) and had a lower EF (56Ϯ13% versus 61Ϯ11%, Pϭ0.015).
Long-Term Postoperative Survival
Overall postoperative survival for patients in class I/II before surgery (at 5 and 10 years, 90Ϯ2% and 76Ϯ5%, respectively) was significantly better than those in class III/IV (at 5 and 10 years, 73Ϯ3% and 48Ϯ4%, respectively, PϽ0.0001) ( Figure  1 ) and was related to lower operative mortality (0.5% versus 5.4%, Pϭ0.003) and better late survival (at 10 years, 76Ϯ5% versus 50Ϯ4%, PϽ0.0001). Of postoperative deaths, 65% were of cardiac cause, 23% were noncardiac, and 12% were of unknown cause.
Compared with their respective expected survivals, survival of patients in class I/II before surgery was identical to expected (at 10 years, 104% of expected, Pϭ0.18), whereas for those in class III/IV before surgery, excess mortality was noted (observed survival was only 74% of expected at 10 years, PϽ0.0001) (Figure 2) .
With multivariate analysis, NYHA functional class III/IV was a strong independent predictor of overall postoperative mortality (Pϭ0.0036; adjusted risk ratio, 1.81; 95% CI, 1.21 to 2.70). Age (Pϭ0.0001), atrial fibrillation (Pϭ0.0068), valve repair (Pϭ0.0023), EF (Pϭ0.02), and associated coronary artery disease (Pϭ0.0001) were also independent predictors of overall survival. Multivariate analysis also showed that NYHA functional class was an independent predictor of operative mortality (Pϭ0.0095) and late postoperative mortality (Pϭ0.016).
Survival of patients in class I before surgery tended to be slightly higher than that of patients in class II, but the difference did not reach statistical significance (Pϭ0.19) and at 10 years represented the same percentage of the expected survival (103% and 104%, respectively). Excess mortality was higher in class IV than in class III (at 10 years, survival represented 55% and 78% of expected, respectively; both PϽ0.0001), but in multivariate backward analysis, the best separation between NYHA classes was between class I/II (without excess mortality) and class III/IV (with excess mortality) (Pϭ0.0001).
Subgroup Analysis
Excess mortality of class III/IV patients was observed in all subgroups examined. The 10-year survival rate was higher for patients in NYHA class I/II than for those in class III/IV before surgery, whether they had an EF Ն60% (79Ϯ6% versus 49Ϯ5%, respectively; Pϭ0.0003) or Ͻ60% (75Ϯ6% versus 41Ϯ5%, respectively; Pϭ0.0001) (Figure 3 ), whether they had valve repair (80Ϯ5% versus 55Ϯ5%, respectively; Pϭ0.0002) or valve replacement (66Ϯ9% versus 39Ϯ5%, respectively; Pϭ0.0025) (Figure 4 ), and whether they had associated CABG (82Ϯ6% versus 29Ϯ6%, respectively; Pϭ0.0001) or no CABG (74Ϯ5% versus 56Ϯ4%, respectively; Pϭ0.0011) ( Figure 5 ). Of note, the benefit (risk ratio) of surgery in class I/II compared with class III/IV was similar in patients receiving valve repair or replacement (0.41 versus 0.39) even after adjustment for other predictors of survival (Pϭ0.67). Remarkably, operative mortality in class I/II was extremely low for patients who had valve repair (0.6%) or were Ͻ75 years (0%) or did not require CABG (0%) whether valve repair or replacement was performed. It was also much lower than in similar subgroups in class III/IV (3.6%, 2.5%, and 2.5%, respectively; all PϽ0.07).
The 8 years covered by the present study were divided into two 4-year periods. Comparison of the 2 periods (Table 2) showed that the practice progressively changed, with more patients in class I/II and more valve repairs in the later period. In each period, patients with severe symptoms displayed higher mortality (Pϭ0.003 in the period 1984 to 1987 and PՅ0.0001 in the period 1988 to 1991). However, 6-year mortality for patients in class I/II decreased from 15Ϯ5% for those operated on in 1984 to 1987 to 11Ϯ3% for those operated on in 1988 to 1991, and in multivariate analysis, the survival benefit associated with preoperative class I/II symptoms (Table 2) improved significantly (Pϭ0.029).
Other End Points
For patients in class III/IV compared with those in class I/II, postoperative low cardiac output was more frequent (19% versus 7%, PϽ0.0001) and hospital stay was longer (14Ϯ12 versus 11Ϯ7 days, PϽ0.0001). The incidence of postoperative congestive heart failure was significantly higher for patients in class III/IV than for those in class I/II before surgery, in univariate (at 10 years, 28Ϯ3% and 13Ϯ3%, respectively; Pϭ0.0008) and multivariate analyses (Pϭ0.06; adjusted risk ratio per NYHA class, 1.28). The difference between class I/II and class III/IV for reoperation was not significant (reoperation rate at 10 years, 14Ϯ3% for class I/II and 18Ϯ3% for class III/IV; Pϭ0.72).
Discussion
The present study shows that in patients undergoing surgical correction of organic MR, those who have no or minimal symptoms before surgery (class I/II), compared with those with preoperative severe symptoms (class III/IV), incur lower mortality and morbidity after surgery. This advantage was confirmed in multivariate analysis, adjusting for all independent predictors of outcome. Remarkably, this advantage was confirmed in comparison with expected survival, showing no excess postoperative mortality for patients in class I/II, in contrast to excess mortality in class III/IV. This advantage was confirmed in all subgroups and increased in the most recent period. Therefore, performance of surgical correction of MR when no or minimal symptoms are present is an independent determinant of improved postoperative outcome, suggesting that this asymptomatic or minimally symptomatic stage should be the preferred period for timing surgical correction of organic, severe MR.
Rationale for Early Surgical Correction of MR
The optimal timing for surgical correction of severe MR is not widely agreed on. [1] [2] [3] [4] [5] The major rationale for early surgery (ie, before severe symptoms or LV dysfunction) is the high frequency in symptomatic patients of postoperative LV dysfunction, 10, 12, 13 which is associated with poor survival 11 and a high rate of postoperative heart failure. 21 The detection of LV dysfunction on the basis of alterations of indices of LV function is possible 10,12,13 but is imperfect, as shown by the inconsistencies of reported results 7, 20, 23 and the relative frequency of unexpected LV dysfunction. 10 Importantly, early suppression of volume overload due to MR has been shown experimentally to result in restoration of normal postoperative LV function, 24, 25 suggesting that early surgery for MR may decrease postoperative complications. This approach is supported by (1) the excess mortality and high morbidity observed in medically treated severe MR, 1,4 (2) the low operative mortality and high feasibility of valve repair, 15, 16, 26 and (3) the improved survival provided by surgery performed immediately after diagnosis. 17 All these arguments are a strong incentive for early surgery, but without a randomized trial, this concept is not unanimously accepted. 2, 4, 27 Recent authoritative recommendations have been that surgery should be performed after class III/IV symptoms occur, especially without signs of LV dysfunction. 2 Furthermore, in patients with no or minimal symptoms, symptomatic improvement 28,29 cannot be expected. Therefore, the risk/benefit ratio of early surgery is unclear without knowledge of the risk imposed by severe preoperative symptoms on postoperative outcome of patients after surgical correction of isolated organic MR.
Effect of Preoperative Symptoms on Postoperative Outcome
Postoperative implications of preoperative symptoms are difficult to ascertain, because the occurrence of severe symptoms cannot be randomized and is associated with other 30 To analyze the specific effect of preoperative symptoms on postoperative outcome, adjustment for these complex interactions requires large populations 8 with extensive data to obtain sufficient statistical power, a requirement that probably explains the inconsistent results reported. 11,19 -21 The present results show that waiting for class III/IV symptoms to appear before recommending surgery is associated with excess postoperative mortality and morbidity. This excess risk was observed directly and in multivariate analysis independently of age, LV function, or associated coronary artery disease and was confirmed in all subgroups examined. Most importantly, by comparison with the specific expected survival, the excess postoperative mortality in patients in class III/IV before surgery was also confirmed. This novel result is an essential observation for the clinical decisionmaking process in MR and strongly supports the early surgical approach to this disease.
Some facts are important for clinical decision-making. First, the operative risk for patients in class I/II is remarkably low, 0.5% for all ages 8 and 0% for patients Ͻ75 years old. These extremely low operative risks are essential to make early surgery a reasonable option 31 and should be carefully reviewed in each institution in which surgery is considered for class I/II patients. In patients Ͼ75 years old, the operative risk is higher, 3.6% for those in class I/II and 12.7% for those with severe symptoms. Although early surgery is a complex issue in elderly patients, these figures suggest that it deserves serious consideration in elderly patients with mild symptoms. Second, postoperative survival of class I/II patients is not only better than for class III/IV patients but is also equivalent to expected survival, even with operative mortality taken into account. This excellent result is an incentive for early surgery for organic MR. The third important fact is related to the surgical procedure performed. Mitral valve repair has considerable advantage over valve replacement 15, 28, 29, 32 and is the preferred mode of correction of MR. 16 Remarkably, valve repair, although not feasible in all patients, 16 has been achieved most recently in 84% of patients. Therefore, the risk of having to resort to valve replacement has recently decreased considerably. However, even in patients who, despite this progress, ultimately undergo valve replacement, a postoperative outcome benefit is observed when patients are operated on when in class I/II instead of class III/IV.
Analysis of the trends of risk shows that the excess mortality of patients in class III/IV is not related to inclusion of the "old" data. Instead, the benefit attached to performing surgical correction of MR in class I/II is a recent phenomenon. Patients in class I/II before surgery have benefited most from recent progress in surgery. 26 These trends make the present results most applicable to current practice.
The mechanism by which preoperative symptoms affect postoperative outcome is unclear. Although severely symptomatic patients had an increased rate of death because of LV dysfunction, their excess risk occurred independently of preoperative LV function. Prolonged duration of volume overload may have contributed to higher frequencies of postoperative LV dysfunction, 10 complications, 4 left atrial alterations, 20 and atrial fibrillation. 17, 33, 34 Alterations of diastolic LV function 35 or myocardial fibrosis 36 may lead to the progression of symptoms and influence postoperative outcome unfavorably. Regardless of these mechanistic considerations, the negative impact of severe preoperative symptoms on postoperative survival should be recognized and integrated into the clinical decision-making process.
Clinical Implications
In view of our results, the preferred timing for surgical correction of severe organic MR is when patients are in NYHA class I/II, further supporting the concept of early surgery. 17 However, this aggressive approach for patients with MR and no or minimal symptoms is defensible only under strict conditions. First, the diagnosis of severe MR should be well documented, possibly by quantitative methods. 37 The spontaneous risk associated with MR of moderate or lesser degree does not appear to justify surgery. Second, there is no evidence that early surgery is beneficial in ischemic or functional MR; currently, only patients with MR of organic cause are candidates for early surgical correction. Third, the likelihood of valve repair should be high, on the basis of valve lesions and experience of the surgeon, and the quality of repair should be verified by intraoperative echocardiography. Fourth, the operative risk should be low, as determined by the patient's age 11 and condition and documented by the results in the medical center considered. 8, 11, 15, 26 For patients who do not fulfill these strict criteria, important factors such as decreased LV function, hemodynamic alterations, and the preference of the patient must be taken into account and may lead to surgical correction of MR in patients with no or minimal symptoms. 5 The alternative strategy of conservative follow-up for asymptomatic patients at high operative risk (eg, elderly patients) appears reasonable, with the goal of considering surgery with occurrence of class II symptoms. The limitation of this approach is the high rate of direct symptomatic progression to class III/IV, which is not accurately predictable. 1 How long-term vasodilator therapy may modify these indications for surgery is questionable, 27 because the beneficial effects of these medications on LV remodeling and on survival remain to be proved. 38 
Limitations of the Study
The 2 groups of patients showed differences in baseline characteristics. It is not possible to randomize symptom occurrence, and multivariate analysis in a large study group, as performed in the present study, allows appropriate adjustment for these differences. Furthermore, because survival was adjusted not only for age but also compared with expected survival, the possibility of lead time bias is extremely low.
The poor postoperative outcome associated with severe preoperative symptoms does not prove that early surgery is superior to conservative management. 17 The recent increased feasibility and success rate of valve repair make early surgery even more attractive, 8, 16 but randomized studies of early surgery are needed.
The NYHA functional classification is subjective, and although the uniformity of its criteria may not be perfect, it is widely used, is the basis for current recommendations for surgery, 6 and is predictive of survival with medical 1 and surgical treatment. Therefore, the conclusion of the present study should be widely applicable to patients evaluated for MR.
Conclusions
Patients operated on for organic MR with NYHA functional class III/IV symptoms display excess mortality and morbidity after surgery compared with those with class I/II symptoms, independently of age, LV function, and other baseline characteristics. Therefore, in patients with organic MR of severe degree, at low operative risk, and with a high probability of valve repair, early surgery should be considered when no or minimal symptoms are present to benefit from the usually excellent postoperative outcome observed at that stage.
